Electronic Version 
Stylesheet Version vl.1.1 

Description 
[PROBE CARD ASSEMBLY] 

Background of Invention 

[0001] FIELD OF THE INVENTION 

[0002] The present invention relates to the field of nondestruc- 
tive integrated circuit testing; more specifically, it relates 
to probe card assembly for interconnecting an integrated 
circuit chip to a tester. 

[0003] BACKGROUND OF THE INVENTION 

[0004] During integrated circuit wafer level test, individual inte- 
grated circuit chips, also called device(s) under test (DUT), 
are tested by temporarily contacting individual power and 
signal I/O connections, such as solder bumps, with probes 
mounted to a probe card assembly of a tester. As the 
number and density of l/Os increase it becomes increas- 
ingly difficult to ensure uniform and low resistance con- 
tact between the probes and each I/O connection. The 
probe card assembly plays a significant role in ensuring 
this contact. Therefore, there is a need for improved 



probe card assemblies. 
Summary of Invention 

[0005] A first aspect of the present invention is an apparatus, 

comprising: a probe array mounted on an inner portion of 
a gimbaled bearing, tlie inner portion of tlie gimbaled 
bearing liaving a splierical surface defined by a surface of 
a first spliere between two parallel small circles of the first 
sphere, a radius of the first sphere centered on a point on 
a top surface of the probe array; and an outer portion of 
the gimbaled bearing, the outer portion of the gimbaled 
bearing having a spherical surface defined by the surface 
of a second sphere between two parallel small circles of 
the second sphere, a radius of the second sphere centered 
on the point on the top surface of the probe array. 

[0006] A second aspect of the present invention is a method of 
testing, comprising: providing a probe array; providing a 
gimbaled bearing, an inner portion of the gimbaled bear- 
ing having a spherical surface defined by the surface of a 
first sphere between two parallel small circles of the first 
sphere, a radius of the first sphere centered on a point on 
a top surface of the probe array, an outer portion of the 
gimbaled bearing having a spherical surface defined by 
the surface of a second sphere between two parallel small 



circles of the second sphere, a radius of the second 
sphere centered on the point on the top surface of the 
probe array; mounting the probe array on an inner portion 
of the gimbaled bearing; and contacting I/O connections 
of a device under test with the probe array. 

[0007] A third aspect of the present invention is an apparatus, 

comprising: a probe array mounted on an inner portion of 
a bearing, the inner portion of the bearing slidably 
mounted to an outer portion of the bearing; the inner 
bearing able to move in a direction perpendicular to a top 
surface of the probe array; and means for dynamically ad- 
justing a pressure of the probe array on I/O interconnects 
of a device under test. 

[0008] A fourth aspect of the present invention is a method of 
testing, comprising: providing a probe array; providing a 
bearing, an inner portion of the bearing slidably mounted 
to an outer portion of the bearing; the inner bearing able 
to move in a direction perpendicular to a top surface of 
the probe array; providing means for dynamically adjust- 
ing a pressure of the probe array on I/O interconnects of a 
device under test; mounting the probe array to the inner 
portion of the bearing; and contacting I/O connections of 
a device under test with the probe array. 



Brief Description of Drawings 



[0009] The features of the invention are set fortli in tlie ap- 
pended claims. Tlie invention itself, however, will be best 
understood by reference to the following detailed descrip- 
tion of an illustrative embodiment when read in conjunc- 
tion with the accompanying drawings, wherein: 

[0010] FIG. 1 is a top view of a probe card assembly according to 
the present invention; 

[0011] FIG. 2A is a cross-section view of a probe card assembly 
according to a first embodiment of the present invention; 

[0012] FIGs. 2B and 2C are isometric drawing illustrating concen- 
tric spherical bearing surfaces of FIG. 2A; 

[0013] FIG. 3 is a cross-section view of a probe card assembly 
according to a second embodiment of the present inven- 
tion; 

[0014] FIG. 4 is a cross-section view of a probe card assembly 

according to a third embodiment of the present invention; 

[0015] FIG. 5A is a cross-section view of a probe card assembly 
according to a fourth embodiment of the present inven- 
tion; 

[0016] FIG. 5B is an isometric cross-section illustrating a ball 

bearing assembly of FIG. 5A; 
[0017] FIG. 6 is a cross-section view of a probe card assembly 



according to a fifth embodiment of the present invention; 

[0018] FIG. 7 is a cross-section view of a probe card assembly 

according to a sixth embodiment of the present invention; 

[0019] FIG. 8 is a cross-section view of a probe card assembly 

according to a seventh embodiment of the present inven- 
tion; 

[0020] FIG. 9 is a cross-section view of a probe card assembly 

according to an eighth embodiment of the present inven- 
tion; 

[0021] FIGs. lOA and IB illustrate the degrees of freedom of a 
probe assembly according to the present invention; 

[0022] FIG. IIA is a cross-section view of a rigid probe assembly 
that may be used with the probe card assemblies of the 
present invention; 

[0023] FIG. 1 IB is a cross-section view of a compliant probe as- 
sembly that may be used with the probe card assemblies 
of the present invention; and 

[0024] FIG. 12 is a side view diagram of a tester that may be with 

the probe card assemblies of the present invention. 
Detailed Description 

[0025] FIG. 1 is a top view of a probe card assembly according to 
the present invention. In FIG. 1, a probe card assembly 
100, includes a ring shaped outer probe card 105 and an 



inner disk sliaped probe card 110. Inner probe card 110 is 
moveably mounted and centered in circular opening 115 
of outer probe card 105. Outer probe card 105 includes 
multiple pin connectors 120A and 120B for connecting 
wires (not shown) embedded in outer probe card 110 to 
the test controller portion of a tester (see FIG. 12). 
Mounted to inner probe card 110 is a substrate 125. 
Mounted on substrate 125 are optional decoupling capac- 
itors 130. Within substrate 125 is an array region 135. Ar- 
ray region 135 of substrate 125 includes an array of up- 
per contacts 140 and may or may not be raised. Upper 
contacts 140 are electrically connected to wires (not 
shown) in inner probe card 110 by wires (see for example, 
FIG. 2A) in substrate 125 through pads (see for example, 
FIG. 2A) on the underside of substrate 125. In one exam- 
ple, outer probe card 105 and inner probe card 110 are 
printed circuit boards (PGB). Inner probe card 110 and 
outer probe card 105 are physically and electrical con- 
nected by a flexible circuit (not shown in FIG. 1, see for 
example, FIGs. 2A and 3). 

[0026] The cross-section views of FIGs. 2A, 3, 4, 5, 6, 7, 8 and 9 
are taken through line X-X of FIG. 1. 

[0027] FIG. 2A is a cross-section view of a probe card assembly 



according to a first embodiment of the present invention. 
In FIG. 2A, a probe card assembly lOOA includes outer 
probe card 105, inner probe card 110, substrate 125 and 
upper contacts 140. Substrate 125 includes wires 145 
electrically connecting upper contacts 140 to an array of 
corresponding inner contacts 150A of inner probe card 
110 A flexible circuit 155 electrically connects an array of 
outer contact pads 150B of inner probe card 110 to an ar- 
ray of contact pads 160 of outer probe card 105. Flexible 
circuit 155 allows inner probe card 110 to move with re- 
spect to outer probe card 105. A flexible circuit is defined 
herein as a circuit board including an insulating substrate 
and electrically conductive wires that is capable of being 
bent repeatedly without injury or damage to the insulating 
substrate or electrically conductive wires. 

[0028] Inner probe card 110 is mounted to a spacer 165. In one 
example, different spacers having different thicknesses D 
can be interchanged to different thicknesses of various 
probe card assembly components such as inner probe 
card 110, substrate 125, flexible circuit 155 and probe 
assembly 250 (discussed infra). 

[0029] Spacer 165 is in turn mounted to an inner portion 170 of 
a semi-spherical gimbal bearing 175. A convex spherical 



surface 180 of inner portion 170 is held in slidable con- 
tact with a low friction coating 185 on a concave spherical 
surface 190 of an outer portion 195 of gimbal bearing 
175. Alternatively, low friction coating 185 could be 
formed on surface 180 or a ring of low friction material 
conformal to and placed between surfaces 180 and 190 
could be substituted for the low friction coating. 

[0030] Contact pressure between inner portion 170 and outer 

portion 195 of gimbal bearing 175 is adjusted by a spring 
205, attached between an upper threaded plate 280 and a 
lower threaded plate 285. A top screw 275 connects inner 
portion 170 of gimbal bearing 175 to upper threaded 
plate 280. An adjustment screw 295 is threaded into 
lower threaded plate 285. Top screw 275, spring 205, up- 
per threaded plate 280, lower threaded plate 285 and ad- 
justment screw 295 comprise a first example of an ad- 
justable tensioning mechanism. 

[0031] It should be noted that outer probe card 105, inner probe 
card 265, substrate 125, spacer 165, inner portion 170 
and outer portion 195 of gimbal bearing 175, top screw 
275, upper threaded plate 280, lower threaded plate 285, 
spring 205, adjustment screw 295 and probe assembly 
250 are symmetrically disposed about vertical axis 245 



passing through a center point 255 of the probe assem- 
bly. A radius R, extends from center point 255 to surface 
190 of outer portion 195 of gimbal bearing 175. The dual 
sweep of radius R 360° in the 6 direction about vertical 
axis 245 and within a range of angles defined by a de- 
fines the compound surface geometry of surface 190 and 
that of surface 180, using a radius equal to R minus the 
thickness of low friction coating 185. Surfaces 180 and 
190 are thus concentric relative to center point 255. 
[0032] Opening 230 in bottom wall 235 of outer portion 195 of 
gimbal bearing 175 is larger than the diameter of adjust- 
ment screw 295. With adjustment screw 295 loose in bot- 
tom threaded plate 285, adjustment screw 295 can be 
moved within the opening as inner portion 170 of gimbal 
bearing 175 tilts relative to outer portion 195 of gimbal 
bearing 175, thus allowing initial planarization of top sur- 
face 260 of probe assembly 250 to the datum of the test 
fixture portion of the tester (see FIG. 12). A datum is de- 
fined herein as a reference surface. When adjustment 
screw 295 is tightened, spring 205 flexes as inner portion 
170 pivots relative to outer portion 195 of gimbal bearing 
175 as probe assembly 250 contacts the I/O signal and 
power connection of the DUT. Thus, there is dynamic 



gimbal motion as the probe assembly contacts the DUT, 
providing for improved uniform probe contact force to all 
I/O signal and power connections. 

[0033] Gimbal bearing 175 further includes an outer support ring 
240. Outer probe card 105 is mounted to outer portion 
195 and outer support ring 240 of gimbal bearing 175. A 
probe assembly 250 is mounted to substrate 125 and in 
electrical contact with contact pads 140. 

[0034] Spring 205 also provides torsional rigidity about vertical 
axis 245 to limit rotation of inner probe card 110 in the 
Z-direction. Flexible circuit 155 also provides torsional 
rigidity about vertical axis 245. 

[0035] In FIG. 2B, it may be seen that surface 190 is the surface 
of a sphere 262 between parallel small circles 263 and 
264, both of which are within the same hemisphere of 
sphere 262, the radius R of sphere 262 centered on center 
point 255 of probe assembly 250 (see FIG. 260). A great 
circle of a sphere is defined herein as a section of the 
sphere that contains a diameter of the sphere. Sections of 
the sphere that do not contain a diameter are defined 
herein as small circles. In FIG. 2C, it may be seen that sur- 
face 180 is the surface of a sphere 267 between parallel 
small circles 268 and 269, both of which are in the same 



hemisphere of sphere 267, the radius R' of sphere 267 
centered on center point 255 of probe assembly 250 (see 
FIG. 2A). R differs from R' by the thickness of low friction 
coating 185. Note R and R' are concentric. 

[0036] Cimbal bearing 175 constrains movement of inner probe 
card 110 (and also probe assembly 255) relative to outer 
probe card 105 to pivoting about center point 255 and 
does not allow any significant X direction (horizontal rela- 
tive to top surface 260), significant Y direction 
(perpendicular to the X direction) or significant 6 rotation 
(rotation about vertical axis 245) movement. A small 
amount of Z direction (orthogonal to both the X and Y di- 
rections, also defined movement along or parallel to verti- 
cal axis 245) occurs due to the geometries involved as il- 
lustrated in FIG.lOA and lOB and described infra. 

[0037] FIG. 3 is a cross-section view of a probe card assembly 
according to a second embodiment of the present inven- 
tion. In FIG. 3, a probe card assembly lOOB is similar to 
probe card assembly lOOA of FIG. 2A, except flexible cir- 
cuit 155 is replaced with flexible circuit 260 and inner 
probe card 110 is replaced with an inner probe card 265. 
Inner probe card 265 need not have internal wiring as 
flexible circuit 260 provides the electrical connections be- 



tween wires 145 in substrate and contact pads 160 of 
outer probe card 105 through an array of contact pads 
270 and wires of flexible circuit 265. 

[0038] While the third through eighth embodiments of the 

present invention will be illustrated using flexible circuit 
260 and its corresponding interconnection scheme, it 
should be understood that flexible circuit 155 of FIG. 2A 
and its corresponding interconnection scheme may be 
substituted in all embodiments of the present invention. 

[0039] FIG. 4 is a cross-section view of a probe card assembly 

according to a third embodiment of the present invention. 
In FIG. 4, a probe card assembly lOOC is similar to probe 
card assembly lOOB of FIG. 3A, except spring 205 is re- 
placed with an elastic insert 290 attached to both the up- 
per and lower threaded plates. Elastic insert 290 also pro- 
vides torsional rigidity about vertical axis 245 to limit ro- 
tation of inner probe card 110 in the Z-direction. Top 
screw 275, elastic insert 290, upper threaded plate 280, 
lower threaded plate 285 and adjustment screw 295 com- 
prise a second example of an adjustable tensioning 
mechanism. 

[0040] While the fourth and eighth embodiments of the present 
invention will be illustrated using elastic insert 290 and its 



related components for connecting inner portion 170 and 
outer portion 195 of gimbal bearing 175 togetlier, it 
should be understood that spring 155 of FIG. 2A and its 
related components for connecting inner portion 170 and 
outer portion 195 of gimbal bearing 175 together may be 
substituted in the fourth (FIG. 5A) and eighth (FIG. 9) em- 
bodiments. Likewise, elastic insert 290 and its related 
components for connecting inner portion 170 and outer 
portion 195 of gimbal bearing 175 together may be sub- 
stituted for spring 155 of FIG. 2A and its related compo- 
nents for connecting inner portion 170 and outer portion 
195 of gimbal bearing 175 together in the first (FIG. 2A) 
and second (FIG. 3) embodiments of the present inven- 
tion. 

[0041] FIG. 5A is a cross-section view of a probe card assembly 
according to a fourth embodiment of the present inven- 
tion and FIG. 5B is an isometric cross-section illustrating a 
ball bearing assembly 300 of FIG. 5A. In FIG. 5A, a probe 
card assembly lOOD is similar to probe card assembly 
lOOG of FIG. 4, except a ball bearing assembly 300 (see 
FIG. 5B) including a retaining ring 305 and a multiplicity of 
ball bearings 310 is subsituted for low friction coating 
185. Also the space between surfaces 180 and 190 is ad- 



justed to accommodate the diameter of ball bearing 310, 
so each ball bearing just contacts both surfaces. Note, ball 
bearing assembly 300 may be substituted for low friction 
coating 185 in the first (FIG. 2A, second (FIG. 3) and third 
(FIG. 4) embodiments of the present invention. Likewise, 
low friction coating 185 may be substituted for ball bear- 
ings in the eighth (FIG. 9) embodiment of the present in- 
vention. 

[0042] Figs. 2B and 2C described infra, are applicable to the 

fourth embodiment of the present invention as well. The 
only modification required in the description of FIGs. 2A 
and 2B to make them applicable to FIG. 5A is that R differs 
from R' by the diameter of a ball bearing 3 10. 

[0043] Before proceeding, the term compliance of a probe card 
assembly is next defined. Compliance of a probe card as- 
sembly is defined by the deflection of the tips of the 
probes of a probe assembly with respect to the datum of 
the probe card assembly at a specified probe pressure (or 
force). The datum (reference surface) of the probe card 
assembly must be parallel to or co-planer with the datum 
(reference surface) of the test fixture portion of the tester 
(see FIG. 13). 

[0044] FIG. 6 is a cross-section view of a probe card assembly 



according to a fifth embodiment of the present invention. 
In FIG. 6, a probe assembly lOOE is similar to probe as- 
sembly lOOD of FIG. 5A except gimbal bearing 175 has 
been replace with a compliance adjustment mechanism 
315. Compliance adjustment mechanism 315 includes an 
inner cylinder 320 attached to spacer 165 and a hollow 
outer cylinder 325 attached to outer probe card 105. Inner 
cylinder 320 is disposed with outer cylinder 325 and is 
free to move in the Z direction. A hollow elastic 0-ring is 
disposed between a lip 335 of inner cylinder 320 and a lip 
340 of outer cylinder 325. The datum (referene surface) of 
probe card assembly lOOE is a bottom surface 345 of 
outer cylinder 325 or a bottom surface 350 of outer probe 
card 105. Hollow 0-ring 330 provides a predetermined 
amount of compliance. In a first example, by changing 0- 
ring parameters such as material, inside diameter and 
outside diameter based on the I/O connector count of the 
DUT the pressure (and hence compliance) of probes on 1/ 
O connections of a DUT can be adjusted based on the I/O 
connector count of the DUT. In a second example, 0-Ring 
330 may be pressurized using a compressor coupled 
through a regulator, and the regulator pressure setting 
adjusted based on the I/O connector count of the DUT. 



[0045] Alternatively, 0-ring 330 may re replaced by a set of 

springs, arranged in a equally spaced ring and positioned 
between lip 335 of inner cylinder 320 and lip 340 of outer 
cylinder 330. 

[0046] FIG. 7 is a cross-section view of a probe card assembly 

according to a sixth embodiment of the present invention. 
In FIG. 7, a probe assembly lOOF is similar to probe as- 
sembly lOOE of FIG. 6 except compliance adjustment 
mechanism 315 has been replaced by compliance adjust 
mechanism 355. Compliance adjustment mechanism 355 
includes an hollow inner cylinder 360 closed at a bottom 
365 and attached to spacer 165 and an hollow outer 
cylinder 370 closed at a bottom 375 opposing bottom 
365 of inner cylinder 360. Outer cylinder 370 includes an 
integral and centrally located circular raised piston 380. 
Inner cylinder 360 is moveably disposed around piston 
380. Outer cylinder 360 is free to move in the Z direction. 
The datum (reference surface) of probe card assembly 
lOOF is a bottom surface 385 of outer cylinder 370 or 
bottom surface 350 of outer probe card 105. A void 390 
formed between inner cylinder 365 and piston 380 is 
pressurized by a compressor through a regulator. The 
regulator pressure setting adjusted is based on the I/O 



connector count of the DUT to give the required compli- 
ance based on I/O connector counts. 

[0047] FIG. 8 is a cross-section view of a probe card assembly 
according to a seventh embodiment of the present inven- 
tion. In FIG. 8, a probe assembly lOOG is similar to probe 
assembly lOOE of FIG. 6 except compliance adjustment 
mechanism 315 has been replaced by compliance adjust 
mechanism 395. Compliance adjustment mechanism 395 
includes an hollow outer cylinder 400 closed at a bottom 
405 and attached to outer probe card 105 and disk 410 is 
attached to spacer 165. A bellows 415 connects bottom 
405 of outer cylinder 400 to disk 410 forming a void 420. 
Disk 410 is free to move in the Z direction. The datum 
(reference surface) of probe card assembly lOOF is a bot- 
tom surface 425 of outer cylinder 400 or bottom surface 
350 of outer probe card 105. Void 420 is pressurized by a 
compressor through a regulator. The regulator pressure 
setting may be adjusted based on the I/O connector count 
of the DUT to give the required compliance. While compli- 
ance is adjustable it may or may not be the same for all 
DUTs regardless of I/O connector count. 

[0048] FIG. 9 is a cross-section view of a probe card assembly 

according to an eighth embodiment of the present inven- 



tion. In FIG. 9, a probe card assembly lOOH is similar to 
probe card assembly lOOD of FIG. 5A, except gimbal as- 
sembly 175 has been replaced with combination gimbal 
assembly and compliance mechanism 445. Also outer 
support ring 240A and outer portion 195A of gimbal 
bearing 175 have been modified to accept 0-ring 330. 
Thus the gimbal components can be moved in the Z di- 
rection. 

[0049] While probe card assembly lOOH has been illustrated us- 
ing compliance mechanism 315, compliance mechanisms 
355 of FIG. 7 or 395 of FIG. 8 may be substituted. 

[0050] FIGs. lOA and IB illustrate the degrees of freedom of 

probe assembly 250 according to the present invention. 
FIG. lOA is an isometric view and FIG. lOB is a side view of 
probe assembly 250. In FIG. lOA, vertical axis 245 defines 
the Z-direction, with the X and Y directions being orthog- 
onal to each other and to the Z direction. The 6 direction 
is defined as rotation about the Z direction (or vertical 
axis 245). Lisa vector to an arbitrary probe tip 450 pro- 
truding above surface 260 of probe assembly 250. 

[0051] In FIG. lOB, surface 260 has been tilted through an angle 
a through an arbitrary axis 445 (see FIG. lOA). Applying 
simple geometry to FIG. lOB, it can be shown that probe 



tip 450 moves a distance L tan a in the Z direction, and a 
distance L(l- cos a) in a plane defined by tlie X any direc- 
tions. In FIG. lOB it is assumed that the thickness of 
spacer 165 (see, for example, FIG. 2A) has been selected 
such that axis 445 is on surface 260. By moving axis 445 
up and down along vertical axis 245 (by changing the 
thickness of spacer 165 (see, for example, FIG. 2A) the 
distance L tan a can be adjusted so as to increase or de- 
crease scrub of the probe tips against the test pads of the 
DUT. Scrub is movement of the probe tips in the X and Y 
directions and is useful for mechanically breaking through 
oxide layers that may have formed on the test pads in or- 
der to decrease contact resistance between the probe tip 
and the test pad. 
[0052] FIG. IIA is a cross-section view of a rigid probe assembly 
that may be used with the probe card assemblies of the 
present invention. In FIG. IIA, an integrated circuit chip 
455 includes a multiplicity of solder bumps 460. Solder 
bumps are also known as controlled collapse chip connec- 
tions (C4s). Solder bumps 460 should be considered ex- 
emplary and other types of chip interconnects, such as 
pads, solder balls (and ball grid arrays in general) and sol- 
der columns may be substituted for solder bumps 460. A 



probe assembly 250A provides electrical contact between 
solder bumps 460 and upper contacts 140 of substrate 
125 through corresponding electrically conductive probe 
tips 465 fitted into and protruding from both sides of a 
flexible tape 470. Probe assembly 250A is exemplary of 
rigid probe assemblies in general and a class of rigid 
probe assemblies called thin film probe assemblies in 
particular. A rigid probe assembly is defined herein as a 
probe assembly in which the probes do not significantly 
deform when in pressure contact with the l/P intercon- 
nects of the DUT. 
[0053] FIG. 1 IB is a cross-section view of a compliant probe as- 
sembly that may be used with the probe card assemblies 
of the present invention. In FIG. IIB, integrated circuit 
chip 455 includes solder bumps (or C4s) 460. Again, sol- 
der bumps 460 should be considered exemplary and 
other types of chip interconnects, such as pads, solder 
balls (and ball grid arrays in general) and solder columns 
may be substituted for solder bumps 460. A probe as- 
sembly 250B provides contact between solder bumps 460 
and upper contacts 140 of substrate 125 through corre- 
sponding electrically conductive jogged probe s 470 fitted 
between insulator frames 475A and 475B held together by 



a ring 480. Probe tips 485 of probes 470 protrude from 
frame 475A and electrically contact solder bumps 460. 
Bulbous ends 490 of probes 470 extend from frame 475B 
and electrically contact upper contacts 140 of substrate 
125. Jog 495 in each probe 470 allows probe tips 485 of 
individual probes to move in the X-Y and Z directions that 
were described supra. Probe assembly 2 508 is exemplary 
of compliant probe assemblies in general and a class of 
compliant probe assemblies called cobra probe assem- 
blies in particular. A compliant probe assembly is defined 
herein as a probe assembly in which the probes do will 
deform when in pressure contact with the l/P intercon- 
nects of the DUT and regain their original configuration 
after the pressure is released. 
[0054] FIG. 12 is a side view diagram of a tester that may be used 
with the probe card assemblies of the present invention. 
In FIG. 12, a tester 500, includes a test fixture 505, a test 
controller 506 and an optional compliance controller 507. 
Test fixture 505 includes a base 510 and a head platen 
515 connected to base 510 by posts 520. Test fixture 505 
further includes a test head 525, an XYZ6 stage 530 (well 
known in the art) and a vacuum chuck 535 (a clamp 
mechanism may be substituted) for clamping an inte- 



grated circuit wafer 600, having a multiplicity of inte- 
grated circuit chips, in place. XYZ6 stage 530 is mounted 
to base 510 and vacuum chuck 535 is mounted to XYZ6 
stage 530. Test head 525 is mounted to a top surface 540 
of head platen 515. A probe card assembly lOOX accord- 
ing to any of the first through eighth embodiments of the 
present invention is mounted to a bottom surface 545 of 
test head 525. Mounted on probe card assembly lOOX is 
probe assembly 250. Bottom surface 545 is also the da- 
tum of test fixture 505. A multiple electrical conductor 
cable 550 connects test head 525 to test controller 506. 
Multiple electrical conductor cables 555 connect probe 
card assembly lOOX to test head 525. An optional tube 
560 connects optional compliance controller 507 to probe 
card assembly lOOX in the event that the probe card as- 
sembly utilizes a compliance mechanism requiring a pres- 
surizing fluid. 

[0055] In operation, XYZ9 stage 530 moves a integrated circuit 
chip on wafer 600 under and aligned to probe assembly 
250 and then raises the wafer so solder bumps on the in- 
tegrated circuit chip contact the probe tips of the probe 
assembly. The Z-direction travel defines the first order 
compliance of the tester. Optional controller 510 can then 



modify the first order compliance as described supra. 
[0056] Tlius, tlie present invention provides improved probe card 
assemblies. The description of the embodiments of the 
present invention is given above for the understanding of 
the present invention. It will be understood that the in- 
vention is not limited to the particular embodiments de- 
scribed herein, but is capable of various modifications, re- 
arrangements and substitutions as will now become ap- 
parent to those skilled in the art without departing from 
the scope of the invention. For example, the apparatus 
and method of the present invention may be applied to 
testing individual integrated circuit chips, diced from 
wafers or substrates and modules used in packaging inte- 
grated circuit chips. Therefore, it is intended that the fol- 
lowing claims cover all such modifications and changes as 
fall within the true spirit and scope of the invention. 



